Anaesthesia and Intensive Care, Vol. 40, No. 4, July 2012 some which focus on clinician behaviour and others which involve multifaceted quality improvement collaboratives [14] [15] [16] . An integrated model for translating evidence into practice was designed by the Johns Hopkins University Quality and Safety Research Group as part of the Michigan Keystone ICU project 17 . Key to this now well-known approach is an emphasis on systems, involvement of interdisciplinary teams, centralised support for technical work, encouraging local adaptation of any intervention and a collaborative culture. While this model facilitated reductions in catheter-related bloodstream infections, ventilator-associated pneumonia and mortality, it is very resource intensive [18] [19] [20] . Thus, it is not known if ICUs outside of Michigan can or do indeed adapt the components of the model.
In the present study, we aimed to assess the availability of clinical protocols and their effect on compliance to recommendations within the Surviving Sepsis Campaign bundles and on mortality in severe sepsis in Singaporean ICUs. We hypothesised that without a fully integrated approach to translate evidence into practice, the mere existence of clinical protocols may not be sufficient to improve compliance and survival.
MATERIALS AND METHoDS

Study design
The present study involves a subgroup analysis of data from all 10 adult medical and surgical ICUs in all five public and restructured general hospitals in Singapore, which participated in the multinational prospective cohort Management of Severe sepsis in Asia's Intensive Care unitS (MoSAICS) study 5 . Given its observational nature, the respective institutional review boards approved the study with a waiver of informed consent.
Detailed study methods have previously been published 5 . Briefly, we enrolled all adult patients (at least 21 years) with severe sepsis in the ICUs in July 2009. We adapted the definition of severe sepsis from the 2001 International Sepsis Definitions Conference 21 . To minimise behavioural change, only one physician representing each ICU was familiarised with the study design and no education on the sepsis bundles was provided to participating centres. online data entry could be performed by either clinical or research personnel.
Patient characteristics
We collected patient data including demographics, type of diagnosis, patient location at diagnosis of severe sepsis, source of infection, organ dysfunction and the Acute Physiology and Chronic Health Evaluation (APACHE) II score. outcome data included hospital and ICU mortality and length of stay, and duration of invasive mechanical ventilation.
Resuscitation and management bundles
We recorded, when clinically appropriate, the achievement of targets in both the resuscitation bundle (lactate measurement, blood cultures, broadspectrum antibiotics, fluids ± vasopressors, central venous pressure ≥8 mmHg and mixed [SvO 2 ] or central [ScvO 2 ] venous oxygen saturation ≥70% or 65% respectively, within six hours of presentation of severe sepsis) and the management bundle (low-dose steroids, drotrecogin alfa, glucose control and lungprotective ventilation within 24 hours). Failure to achieve a target might be due to failure to attempt or might occur despite attempts.
ICU characteristics
All participating units were closed and teaching ICUs. We recorded the ICU specialty (medical or surgical), number of ICU beds and the nurse-to-bed ratio. We defined an intensivist as a physician who has passed intensive care certification examinations, has completed training in an accredited intensive care fellowship or who treats the total patient and not a single organ system and is recognised by his/ her institution as an intensivist. While each ICU was covered by one intensivist during office hours, we also recorded the presence of any 24-hour intensivist cover and the total number of intensivists in the centre who were rostered to cover the ICU on a rotational basis.
Clinical protocols
Before patient enrolment in July 2009, we surveyed the ICU physician representatives on the presence of 11 clinical protocols in the ICUs. These protocols comprised those which facilitated the Surviving Sepsis Campaign bundles, including: 1) early goaldirected therapy which involved lactate measurement, fluids ± vasopressors, central venous pressure and Svo 2 /Scvo 2 optimisation; and protocols for 2) blood cultures; 3) broad-spectrum antibiotics; 4) steroids; 5) drotrecogin alfa; 6) glucose control; and 7) lungprotective ventilation. other protocols involved: 8) weaning from mechanical ventilation; 9) sedation; 10) deep vein thrombosis prophylaxis; and 11) stress ulcer prophylaxis. We defined clinical protocols as formal pathways which provide standardised algorithms for the management of specific conditions. only protocols which were documented in the ICUs, either in print or electronically, were considered.
After the completion of patient enrolment, we sent a survey to the ICU representatives which was based on the Johns Hopkins University Quality and Safety Research Group's model for translating evidence into practice 17 . For each available protocol in the respective ICUs, the survey asked if the ICU team had: 1) summarised the clinical evidence; 2) identified local barriers to implementation; 3) measured baseline performance in terms of compliance and outcome measures; 4a) engaged the staff and explained why the intervention was important; 4b) educated the staff with scientific literature; 4c) executed the intervention by standardising processes, creating independent checks and learning from mistakes; 4d) evaluated performance regularly; 4e) sustained ('endured') the intervention by integrating it into the hospital's quality improvement efforts; and 4f) extended the intervention to other relevant areas in the hospital. Possible answers were 'yes', 'partly', and 'no'. These questions are detailed in Appendix A. The survey also asked if each protocol was available in print, online and/or featured in promotional items and whether each protocol was incorporated into a preprinted order set or checklist, into a standalone electronic order set or checklist and/ or into an order set which was integrated into the ICU's computerised physician order entry system.
Statistical analyses
We expressed categorical variables as number (percentage), normally distributed numerical variables as mean (SD) and other numerical variables as median (interquartile range). Categorical variables were compared with the χ 2 test or Fisher exact test. When normality and homogeneity assumptions were satisfied, quantitative variables were analysed using the t-test, otherwise, the Mann-Whitney U test was employed. Correlation was assessed using Spearman's correlation coefficient (r). Standardised mortality ratio was calculated as observed mortality/predicted mortality (derived from the APACHE II score, without diagnostic weight which was not recorded) 22 .
We compared the compliance to the bundles targets in ICUs with and without the associated clinical protocols. To identify independent predictors of hospital mortality, we first performed univariable analyses to compare patient characteristics, achieve-ment of bundle targets, and ICU characteristicsincluding the total number of clinical protocols in each ICU-in survivors versus nonsurvivors. To avoid over-fitting of the model, only variables with P values less than 0.25 were then inserted into a logistic regression analysis. We checked for multicollinearity and used the Hosmer-Lemeshow goodness-of-fit test to assess model fit. A P value of <0.050 was considered significant. We used SPSS version 19 (SPSS Inc, Chicago, IL, USA).
RESULTS
The 10 ICUs enrolled 128 patients, which accounted for 25.2% of all ICU admissions during the study period. Hospital mortality was 39.1% while ICU mortality was 19.5%. The median (interquartile range) hospital and ICU lengths of stay were 16 days (10 to 26) and four days (three to seven) respectively in survivors, and 11 days (four to 22) and five days (three to nine) respectively in nonsurvivors. The duration of mechanical ventilation was three days (two to six) in 58 survivors and four days (two to eight) in 47 nonsurvivors. Table 1 describes the patients' baseline characteristics. The mean APACHE II score was 23.5. As shown in Table 2 , the only bundle targets which were achieved more than 50% of the time were lactate Table 3 shows the characteristics of the participating ICUs. protocols in each of the 10 ICUs was, in ascending order, 1, 2, 2, 3, 3, 4, 5, 7, 8 and 11 respectively, making a total of 46 protocols. There was a weak relationship between the number of protocols and the number of beds in an ICU (r=0.25, P=0.005), but no relationship between the number of protocols and the number of intensivists (r=0.05, P=0.59).
As depicted in Figure 2 , a unit with a protocol for early goal-directed therapy was more likely to measure lactate levels but paradoxically less likely to achieve the central venous pressure target of 8 mmHg. There was otherwise no association be-tween the presence of protocols and the achievement of associated bundle targets. Figure 3 shows the results of the survey on steps taken to help translate the clinical protocols to actual practice, based on the Johns Hopkins University Quality and Safety Research Group's model. out of the 46 protocols across the 10 ICUs, concrete steps were taken to summarise the evidence, identify barriers, educate the ICU teams and execute the interventions in slightly more than half the protocols. However, concrete steps were taken to measure baseline and ongoing performance, engage the ICU teams, and sustain and extend the interventions in fewer than half of the protocols. Protocols were commonly available in print, mostly as guidelines, and often as preprinted order sets (Figure 4 ). Less frequently, they were featured on hospital websites and promotional items such as posters, bulletins, lapels, pens, stamps and pocket cards. They were incorporated into standalone electronic order sets or integrated computerised physician order entry systems less than 10% of the time. Figure 5 illustrates the relationship between the number of protocols in each ICU and its standardised mortality ratio (r=-0.61, P=0.06). on logistic regression analysis, the independent predictors of decreased mortality were a lower APACHE II score, the achievement of the bundle targets for antibiotics, and a greater number of beds, intensivists, and clinical protocols per ICU (Table 4 ). There was no multicollinearity and the model fitted well.
DISCUSSIoN
In this study of 10 teaching Singaporean ICUs, fewer than half had clinical protocols for early goaldirected therapy, blood cultures, antibiotics, steroids, lung-protective ventilation and weaning. Compliance to the sepsis bundles was generally low. The presence of the relevant protocols was not associated with better achievement of bundle targets, the only exception being that a unit with a protocol for early goal-directed therapy was more likely to measure lactate levels. There was a lack of a stepwise multifaceted approach to translate the existing protocols to actual practice. Nonetheless, the number of protocols in each ICU was an independent predictor of decreased mortality.
While our data do not explain why some protocols were more prevalent than others, several hypotheses may be offered. Protocols which do not require much physician input, such as deep vein thrombosis and stress ulcer prophylaxis, and which are primarily nurse-driven, such as glucose control and sedation use, are more commonly available 7, 10, 11 . Protocols for the prescription of costly medications such as drotrecogin alfa are often mandated by hospital administrators. on the other hand, barriers involving clinician knowledge, attitude, and behaviour may prevent the adoption of the less commonly available protocols 13 . While it is unlikely that the clinicians in these teaching hospitals are unaware of the literature behind these protocols, it is possible that differences in their training background might have affected their attitudes toward protocols. Clinicians who value bedside judgement and physician autonomy may not see the need to protocolise the collection of blood cultures and the administration of antibiotics. Shortly before our study was conducted in July 2009, the results of a large randomised controlled trial which showed that steroids did not improve mortality in septic shock were published 24 . The true benefits of protocols for early goal-directed therapy require confirmation by multicentre trials and the use of central venous pressure measurements to guide fluid resuscitation in such algorithms remains controversial 6, 25, 26 . Intensivists are often slow to adopt relatively complex protocols, such as lungprotective ventilation 27 , and the routine use of weaning protocols, such as in stable postoperative patients, is not universally accepted 28, 29 . Indeed, authors have cautioned against the one-size-fits-all approach that some protocols take 30 . Taken together, when compared with the only other nationwide survey of intensive care protocols, such protocols are less prevalent in teaching ICUs in Singapore than in the United States 31 .
To our knowledge, no other study has evaluated the impact of multiple clinical protocols on bedside management practices according to the sepsis bundles. However, studies including those from Germany and the Cleveland Clinic have found that ICU directors and physicians often perceived adherence to lung-protective ventilation, glucose control, the use of hydrocortisone and sedation guidelines to be much higher than they actually were 32, 33 . Our findings tell a similar story, although from a different angle. our ICU representatives declared the presence of various protocols, but these did not improve the overall compliance with the sepsis bundles. Evidently, while various studies have suggested that clinical protocols can result in better care and outcomes 12 , their mere existence does not guarantee changes in practice. Several reasons may explain this paradox. First, achievement rates for the targets for early blood cultures, antibiotics, and fluids ± vasopressors were relatively high (between 70 and 80%) in both ICUs with and without corresponding protocols. This suggests that such practices, though not formally protocolised, are already part and parcel of usual care in some ICUs 29 . Second, our data shows that most ICUs lack an integrated approach to translate clinical protocols into practice.
The Michigan Keystone ICU project demonstrated that multiple resources involving interdisciplinary teams must be used in a co-ordinated manner to optimise clinical practice [17] [18] [19] [20] . A similar though not identical approach was used successfully by a cluster of ICUs in ontario, Canada 34 . our survey of local ICUs using the Johns Hopkins University Quality and Safety Research Group's model for translating evidence into practice shows that more work is required. In fewer than half of the existing protocols were actions taken to measure performance, engage ICU teams and sustain and extend interventions. Moreover, while many protocols were only available in print as guidelines and preprinted order sets, it is possible that greater compliance may be seen with increased use of electronic order sets and checklists and promotional items 34, 35 .
Interestingly, although the existence of protocols did not improve compliance to the sepsis bundle targets aside from the measurement of lactate levels, there was a moderately strong though not statistically significant inverse relationship between the number of protocols per ICU and standardised mortality ratio on univariable analysis. on multivariable analysis, an independent and inverse relationship was indeed seen between protocols and mortality. The presence of more protocols may signal a greater commitment to, and better resources for, quality improvement and may be a surrogate marker of the standard of care in the ICUs. Steps taken to promote the protocols, however small, may lead to an improvement in collective knowledge. The management of severe sepsis is multifaceted and extends beyond the bundle targets 1 . In this subgroup analysis of the Management of Severe sepsis in Asia's intensive care units study which focused on the sepsis bundles, we did not record the actual number of patients who were subject to other protocols for weaning, sedation, deep vein thrombosis and stress ulcer prophylaxis, and are thus unable to exclude the possibility of these treatments affecting outcome [9] [10] [11] 29, 34 . A prior point-prevalence survey by our group found that only 20.8% of sedated patients in these same ICUs were put on a sedation protocol in 2008 36 . Subtle differences in therapeutic strategies which were not captured in our study may exist between ICUs with more versus those with fewer clinical protocols. These unrecorded differences in treatments can act as hidden confounders in our logistic regression model and may also explain why ICUs with more beds and intensivists were associated with lower mortality 37, 38 .
our study's limitations should be highlighted. First, patient enrolment occurred over only one month, resulting in a relatively small sample size. Consequently, only variables with a possible association with mortality, as suggested by a P value of <0.25, were included in our logistic regression model to avoid over-fitting. Second, while we tried to minimise a change in practice due to the study by only providing one representative per ICU with in-depth knowledge of the study design, the possibility of a Hawthorne effect exists. Third, given the complexities of clinical protocols, we did not record the exact details of each existing protocol in the 10 ICUs.
our study also has a number of strengths. First, we asked ICU representatives about the existence of clinical protocols before patient enrolment, so as to ensure that their answers were not affected by any study results. Second, to ensure that the data was representative of our country's situation, we studied every adult medical and surgical ICU in all public and restructured Singaporean general hospitals. Third, our study cohort is comparable to other multicentre cohorts in the developed world. our hospital mortality was 39.1%, which was very close to that in studies from Spain, Australia, and New Zealand with similar severity of illness 3, 39 .
What are the implications of our study? While our compliance to the resuscitation bundle of 18.0% was higher than the 10 to 12% seen in some European countries 3, 4 , our compliance to the management bundle of 3.1% was lower. Indeed, while some components of the sepsis bundles require further study, some such as drotrecogin alfa may soon be obsolete given the negative results of a recent landmark study 23 . Nonetheless, there is certainly room for improvement in Singapore for the less controversial targets of early antibiotics and fluids ± vasopressors, which were achieved 78.1 and 73.0% of the time, respectively 26 . We suggest that ICUs seeking to change selected clinical practices, both for sepsis and for other conditions, may consider the use of protocols 12 . Importantly models, such as the Johns Hopkins University Quality and Safety Research Group's model, can help guide ICUs to successfully implement these protocols 17 . While protocols and the Johns Hopkins approach are not the only methods available for quality improvement, it should be emphasised that most other strategies require similarly multifaceted interventions 15, 16 .
In conclusion, clinical protocols are not frequently available in Singapore's teaching ICUs and even when present do not generally improve compliance to the Surviving Sepsis Campaign's bundles. This notwithstanding, the existence of protocols may be a surrogate marker of the quality of care in the ICUs as it is independently associated with decreased mortality. To improve the management and outcomes of sepsis, ICUs should consider using an integrated and multifaceted approach to translate protocols into practice.
aPPenDiX a Survey on steps taken to translate clinical protocols into practice based on the Johns Hopkins University Quality and Safety Research Group's model*
Step
Question Tick correct answer
Yes Partly No 1
Summarise the evidence Did the ICU team review the relevant research using a standard evidence-based medicine approach to identify interventions with the greatest benefit and the lowest barriers to use, and then agree on the top interventions and convert them into behaviours?
2 Identify local barriers to implementation Did the ICU team observe staff performing the interventions, walk the process to identify defects in each step of implementation, and enlist all staff involved to share concerns and identify potential gains and losses associated with implementation?
3
Measure performance
Did the ICU team develop performance measures to evaluate how often patients actually received the recommended therapy (process measures) or evaluate whether patient outcomes improved (outcome measures), and then pilot test these measures, and finally measure baseline performance?
Step 
